Serum myoglobin (by radioimmunoassay) and creatine kinase were measured for up to 7 days in 30 patients following surgical procedures, including total hip replacement and bilateral subcostal abdominal incisions. Serum myoglobin reached a maximum of 1390 µg litre -1 (median 345 µg litre -1 for major surgery patients) on the first postoperative day but levels were still elevated by day 7 in some patients. Creatine kinase reached a maximum of 1339 i.u. litre -1 at day 2 (median 422 i.u. litre -1 for major surgery patients), generally peaking 1 day after myoglobin in individual patients. These values may have significance when investigating a suspicion of coincident perioperative events such as myocardial infarction or malignant hyperthermia.
Blood concentrations of intracellular proteins, in particular supplement. Surgical diathermy was used as required by the surgeon. At the conclusion of surgery, a second blood myoglobin and creatine kinase (CK), are increased after muscle is damaged by physical or biochemical injury. sample was drawn, either from the original cannula or from a separate site as required. Postoperative analgesia was This has been reported following crush injury, 1 myocardial infarction, 2-5 malignant hyperthermia (MH), 6 7 or other rare provided by i.m. opioid and anti-emetics as required.
Postoperative fluids and blood administration were managed reactions. 8 Modest increases follow the routine administration of succinylcholine. [9] [10] [11] [12] Serum concentrations of CK as dictated by clinical requirements.
On the subsequent postoperative days several blood and possibly myoglobin may be useful in support of a provisional diagnosis of an acute episode of MH. 13 However, samples were obtained from the patients as part of their routine postoperative care. The remaining serum from any other concurrent event that might also cause damage to muscle could confuse the biochemical picture. In particular, these samples was collected from the biochemistry or haematology laboratory. On other postoperative days an surgery might have started, or preoperative trauma might be the cause of raised CK and myoglobin. The serum CK additional sample was taken for the purposes of the study.
All patients thereby had daily blood samples up to day 4. and myoglobin concentrations and the changes with time following myocardial infarction and succinylcholine admin-Thereafter, most patients in the major surgery group had blood taken up to the seventh postoperative day. istration are well documented, but those due to surgery are not.
All samples were separated and frozen prior to assay in batches for myoglobin and CK. Myoglobin was assayed by radioimmunoassay using duplicate determination of Methods samples. Coefficient of variation was typically 11%. Values Patients ASA I-III presenting for various elective or sched-above 300 µg litre -1 required dilution and reassay to bring uled surgical procedures gave verbal consent for several them within the range of the assay (10-250 µg litre -1 ). CK extra blood samples to be taken before, during and after was assayed by a standard NADP/NADPH colorimetric surgery in addition to those routine specimens associated measurement of reaction rate at 37°C (Boehringer with their management. All patients were expected to be in Mannheim). hospital for up to a week or more after the operation.
Following routine premedication with oral lorazepam, Results patients arrived in the anaesthetic room and a cannula was A total of 30 patients was studied. They were divided placed in a suitable vein for a preinduction blood sample into two groups; minor muscle-cutting surgery and major and induction of anaesthesia. Anaesthesia was induced muscle-cutting surgery, based on the subjective impression using thiopentone and an opioid. A non-depolarizing neuromuscular blocking drug was used to facilitate tracheal intubation and the lungs were mechanically ventilated This work was carried out at the Northern General Hospital, of the degree of muscle involvement of the surgical pro-apparent extent of muscle involved. It can be seen that some subjects in the minor group had substantial changes, cedure. The number of patients and procedures in each group is shown in Table 1 . No patient gave any clinical while a few in the major group had minimal changes.
Presumably a surgical incision apparently avoiding muscle suspicion of peri-or postoperative myocardial infarction.
Mean serum myoglobin and CK concentrations over the (e.g. an abdominal midline incision through the linea alba) can still result in muscle being caught in sutures used perioperative period are summarized in Table 2 . Preinduction values for all patients were close to the normal ranges for closure. for myoglobin (6-85 µg litre -1 ) and CK (10-180 i.u. litre -1 ), respectively. The individual values for myoglobin and CK are plotted graphically in Figure 1 for the minor surgery group and Figure 2 for the major surgery group. The maximum myoglobin concentration was 1390 µg litre -1 on day 1 in a patient having a thoraco-abdominal resection. The maximum CK concentration was 1339 i.u. litre -1 on day 2 in a patient having a latissimus dorsi flap transfer. In most subjects, the CK reached its maximum value 1 day after that for myoglobin.
Discussion
We have demonstrated that marked changes in serum myoglobin and CK can occur following muscle-cutting surgery. These values can be considerably greater than those found following a single administration of succinylcholine in adults 9 12 or children, 10 comparable to that following an MI but considerably less than that following a typical episode of MH. 6 7 No attempt was made to rigidly control the type of surgery. It was considered important that representative biochemical values following a range of surgical procedures were identified. We avoided the potentially confounding effect of succinylcholine. The distinction between minor and major muscle-cutting procedures was based on the patient is treated promptly with no other confounding factors, levels of 47 000 µg litre -1 have been found to cause no renal impairment. 6 The serum concentrations of myoglobin and CK we have found following surgery are not clinically significant, but could cause diagnostic confusion in a patient with myocardial infarction or MH. Following major trauma or extensive surgery, postoperative concentrations could be much greater than found in our study. Modest trauma induced in live pigs by firing high-velocity metal fragments into muscle results in a rise of CK to over 4000 i.u. litre -1 within 6 h, falling towards normal values at 3 days. 15 A case of suspected perioperative myocardial infarction can usually be confirmed by CK isoenzyme tests, but isoenzyme results usually take several days to obtain. The biochemical evidence to support a suspected MH episode could be confused by raised levels caused by major surgery, severe trauma or myocardial infarction. CK estimation is easier to undertake than radioimmunoassay of serum myoglobin, and is frequently measured following anaesthetic reactions. It is worth noting that the maximum myoglobin values in µg litre -1 are usually numerically similar to the later maximum CK values in i.u. litre -1 for a range of muscle insults, including this present study. Therefore CK estimation, taking into account the time course of its release, can be used as an alternative to myoglobin estimations following suspected anaesthetic reactions.
In conclusion, we suggest that serum CK estimation, as long as the peak value has been obtained, can be a valid indication of the extent of muscle damage. Interpretation of postoperative (e.g. 24 h) CK values should therefore take into account the possible influence of trauma or muscle- The highest myoglobin levels we found (1300 µg litre -1 ) Anaesthesia 1998; 53: following surgery are unlikely to cause any clinical derange- 
